Dynamics of tumor oxygenation, CD31 staining and transforming growth factor-beta levels after treatment with radiation or cyclophosphamide in the rat 13762 mammary carcinoma.
Tumors are dynamic tissues that undergo marked molecular, biochemical, and physiologic changes in response to cytotoxic anticancer therapies. Understanding the changes in tumor oxygenation and transforming growth factor-beta expression may allow improved treatment regimens to be developed. The effects of a single dose of radiation therapy (20 Gy) or a single dose of chemotherapy (cyclophosphamide, 250 mg/kg) on several molecular and physiologic parameters of the rat 13762 mammary carcinoma growing subcutaneously in female Fischer 344 rats were explored. Treatment of the tumor-bearing animals with 20 Gy of radiation killed about two logs (99%) of the 13762 tumor cells, and treatment with cyclophosphamide (250 mg/kg) killed about 1.5 logs (95%) of the 13762 tumor cells. Hypoxia, as determined by a pO2 electrode, initially decreased in the tumors of treated animals until 6 h. posttreatment and then increased, so that 24 h. after administration of the radiation therapy or the chemotherapy the number of intratumoral vessels as determined by CD31 staining increased until about 24 h after cytotoxic therapy. Transforming growth factor-beta1, measured by radioimmunoassay, peaked in the serum between 6 h and 18 h and again between 72 h and 96 h after radiation therapy and peaked in the tumor at 24 h and again at 72 h after radiation therapy. The first serum peak after cyclophosphamide was 3 h after drug injection, with second peaks at 36 h and 48 h after drug administration. In the tumor, transforming growth factor-beta1 peaked between 6 h and 8 h after drug administration and again 36 h and 72 h after drug. Apoptosis was maximal 6 h after 20 Gy and 24 h after cyclophosphamide. Vascular endothelial growth factor was also increased in tumors after cytotoxic therapy. These changes in the tumor physiologic status are sufficient to protect the tumor from a second cytotoxic insult administered days afterwards and to result in a restructuring of the tissue.